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into the synaptic deft. Stimulatioa of the cfaolinergic nave is lequiied tot the acetylchdine- 
comaining vesicles to attach to the inner saihao «t spKiBc points of the neive cell synaptic 
flnet^brane. Theieapon at these poants of attachmeni the acetylcholine leaves the vesicles to 
escaiw biio ibe vnqxic defk by passage acnuE the qrmqptlc mendiniie. This ev^ 
called oxiKyiosis and is probiibty Ae action fiDSinied by thepcesmoeof taxin. 

Oassicsiay botidinmii neiuDlosic actiriqr has beeaconsidered to be peni^^ 
ioeveialUe. Recently caidiac effects of the losin have been obseived to be leadily reveisMe 



dieaiyofinhibhionofcholineigicneivesandtbainifsEittaecaidiKphenome&acincontribiite 
to pioductive thinking about the mode of action of bdulinum toxin. 

Tjfpe A hemagglutinin-fiee toxin canses demoeudioanphic chat^ and a decreased 
heait rate (bradycax^) witinn miRiitesof injeetioaof the toxin inndents anddogs.the species 
studied. Within a shoit time there fallows a spontaneous recoveiy to the iiomua 
While this ipomaneoDS recovery is not seen In viiro with iiolaied heart preparation a lapid 



The persistence of b ra dy ca rdia with vtiro isolated bean pieparations is due to the 
continuing presence of toxin in diefluid bathing thehearL/iivrvo, after injection of toxin the;e 
is a drt^ in blood level as the toxin is distdbated and bound to nerve ctdls. The heait with its 
apparent weaker strength aftaunbuxUng loses the toxin to pUces of greater binding 

Repealed in Ww hijections of togun result in repetitian of ihe bradyca(di»-spomaneoiis 
leoovety cyde. It can be adduced that tpontaoeous recovety by in vivo eoiposure to toxin does 
wento vfvffhentand fn vftrflisolated 



Ready reversibility of cardiac toxiciiy and an munipaiied cqucity for toxin uptake after 
prior uptake and washbig out of toxin suggest that the intennolecnlBr forces binding toxin to 
suscept^le nerve cdls do not lead to pofound change in llie cellular physicodiemica] 
enviromnent for nerve recqitioB of the nMcfai-lUs is more consistent with an sdsoiption type 
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of attraction than duntical bondiDB. nd ii not kiiiicaim of as enqrme anion. Wdi en^ymnic 
activity an exhausikfi of substnte woold be otpeeted. 

The exposnrc to toxin dioes not cause any dscenied pemunait dmge in the miuit of die 
toxin andniembTanc receptor. Coticoimtantlydielnxiniminbeboiindtoriwsy^ 
for the entire period of poisoning, which can be day», weeks and moad» long for both 
experimemal and nannvl botqlinum poisoning. 

Tmo possibilides an leasonable to consider fix ibe long-tenn penistence of noive cdl 
dysfiincdott. The cytociheniical lesion of boiiilisin is *o imlb^ 
flltemative I f^is thai psnlysis penists fbraslonKAiinie as die toxin lemalns lodged at du 
Coptic nienibcBne. llie hdf-life of toxin in the numfanne can be a long one since dure w 
no dues to snggost npid canibiillc desnuction of die embedded toxin as, for example, by 
proteolysis. Qrtological smdy ofrqiair of poisoned nerve fibrils is consistent with persistence 
of membnne-associated toxin. Repair isslow inbecoming visible, and significamly the growth 
ofnewfiinctionalfibttlsindiepoisonedneiveceUtakespIaceoutsidedie areas of thepreexisting 
poisoned fibrils.' Studies should be done for detecting continuous presence of toxin in die 
poisoned filKils. This wouldprovidedefiniiivelaiowledgeoftheciniescaleof residence oftoxin 
in the synqitk membrane and surest if the toxin's pnaenoe Uodeis self-iepair of the 
membrane site toxin occupies. 

The foUowins scenario is presented f<v bahdimnn DenntoKicity which I bdim b 
consisient with die ISndings of cardiac studies. 

Nerve stimulation is accompanied by two events: attadmient of scetylcholine<ontaining 
vesicles to specific areas of the interior sui£u» of the membrane and exocytosis of the vesicle. 
With toxin present nerve snmulatian peimits membrane optake of the toxin and vesicle 
attadmient to the ^qxicmembnuie but exocytiMisdoesnottaiceidaee. Thus poisoned nerve 
cells do not aocumitlatB acetyldnliae in du cgrtonl. SaOi intiaoallular facicase of free 
acetylcholine aliould happen if aoetylcholfaie was ideaaed &om vesicles and die released 
acetylcholine was not aihle to move aoosa the nerve cell menaiinM e into die aiynqitic deft. 
Toxicity is explanied if exocytosis weia.iecognized to be a syn^xic membime-^esicle 
membrme inleraction fmstrated by toxin being presem st diis membrane-to-membnuw 
interface. 

Nerm stimiilttian acts as a vdve vdiich opens die iiem inanbnne to vptalEs of toxin. 
IS also accompanied by mnch studied intracBllnlar and qmspdc membrane changaa in imic 
anvuonmeiit in ndiicb calcium ia a major participant. Conceivably toxin in the synqxlc 
membrane disUrbs access of ions lo the triggfr spot for Hocyiosls at tho ^jniqitic tncmbraDC— 
vesicle membrane imeiface. Exocytoaia could be pmvemed by the taxni physically masking the 
trigger spot, TUspievenis contact oflbeproper ions wtdi die trigger spot. Removal of die toxin 
which yields reversible cardiac tnxiciiy means diat die toxinresident in die syn^itic membrane 
causes no ineversible changes in die events associated witti initiadai of exocytosis and 
inovement of acetylcholine across dw synqitic membrane. Hiis is consisiem with cqiid 
recoveiy fallowing removal of the toxin. 

An explanation of botulismpoisoningmust accoont for diCierences in sensitivity lo toxin 
among the syn^thetic,p«asynqiadietic and cetdral nervous ^sterns in ^e of soiiw 
possession of diolineigic nearD<& TlieiB raigfa! be difiRMaooes among dm* systems m 
affecting diflbsion of toiun fiom lynvta into die ayn^tic deft Tfame may 
of the qmaptic deft diat most boexoeeded in allDw cntiBDCe of dK laige^iKed 150,000 dalton 
moleailarweight toxin, afaciorwhichmighiapafatBindiedenady packaged brain. The cardiac 
effects at this stage of knowledge tell ns nothing about the possibilities. 

A prime &ctor affecting toxicity woaM be vaiying strength of binding forces of synqnic 
membranes holding toxin. These binding forces could differ among cbolinagic neurons 
associated with diifetent parts of body t is sue s and uigans.lf tharais &ipectnimficomhigki*to 
tow-stKQgtli biiaiing finoes tiie beait would appear to lepieauit a margiiial- or tow-stxengtli 
biiidmg endty. A task that needs to lie mideitakm is to identify dw aiins and natDiB of toxin^ 
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